Climate driven and other changes in landscape structure and texture, plus more general factors, may create favourable ecological niches for emerging diseases. Abiotic factors impact on vectors, reservoirs and pathogen bionomics and their ability to establish in new ecosystems. Changes in climatic patterns and in seasonal conditions may affect disease behaviour in terms of spread pattern, diffusion range, amplification and persistence in novel habitats. Pathogen invasion may result in the emergence of novel disease complexes, presenting major challenges for the sustainability of future animal agriculture at the global level. In this paper, some of the ecological mechanisms underlying the impact of climatic change on disease transmission and disease spread are further described. Potential effects of different climatic variables on pathogens and host population dynamics and distribution are complex to assess, and different approaches are used to describe the underlying epidemiological processes and the availability of ecological niches for pathogens and vectors. The invasion process can disrupt the long-term co-evolution of species. Pathogens adhering to an r-type strategy (e.g. RNA viruses) may be more inclined to encroach on a novel niche resulting from climate change. However, even when linkage between disease dynamics and climate change are relatively strong, there are other factors changing disease behaviour, and these should be accounted for as well. Overall vulnerability of a given ecosystem is a key variable in this regard. The impact of climate-driven changes varies in different parts of the world and in the different agro-climatic zones. Perhaps priority should go to those geographical areas where the integrity of the ecosystem is most severely affected and the adaptability, in terms of robustness and sustainability of response, relatively low.
Introduction
The state of knowledge regarding climate changes and the medium-to long-term scenarios for their potential global impacts have recently been updated and published in the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) (19) . Global mean surface air temperature is expected to continue to increase during the 21st Century, driven mainly by increases in anthropogenic greenhouse gas concentrations (particularly through burning of fossil fuels), accompanied by an increase in the frequency of extreme and anomalous weather events such as heat waves, flood and droughts. These changes will affect the availability of freshwater resources, natural ecosystems, agriculture and forestry, coastal ecosystems and fisheries, human settlements, industry and societies, energy and human health (6) . The impact on animal health is not covered in the IPCC report, but -as is the case for human health -it is potentially devastating, especially regarding zoonotic infectious diseases.
It has been well established that many infectious diseasesespecially those which are vector-borne -have seasonal patterns and a geographic range that are dictated by environmental variables concerning climate and vegetation, both being interrelated (33) . Therefore, in theory, changes in climate may affect the distribution, seasonality and severity of these infectious diseases. Apart from climate, other factors, both biophysical (changes in land-cover, landscapes and host abundance, including wildlife) and directly anthropogenic (socio-political changes, public health, diet and other human behaviour) modulate contact rates between pathogens, vectors and reservoirs, altering disease behaviour. In recent decades, the incidence of several vector-borne diseases such as dengue, trypanosomosis, leishmaniosis, Lyme disease, tick-borne encephalitis and bluetongue has significantly increased and/or the disease distribution has changed. Still, it is difficult to single out changes brought by climate alone, even when the match between change in climate and disease behaviour is obvious. Climate change is often blamed when tropical pathogens or vectors invade naïve areas, but today's unprecedented movements of people, animals and goods, jumping across all the traditional physical barriers (deserts, oceans, mountain ridges) that in the past prevented the spread of vectors and pathogens, is certainly the main contributing factor. A classic example is the worldwide dissemination of Aedes albopictus (a mosquito species and vector of Chikungunya and dengue viruses) by means of international trade in egg-infested used tyres or ornamental plants (44, 59) . Conversely, for Culicoides imicola, a small African midge vector of bluetongue virus (BTV), many opportunities probably existed in the past to jump across the Mediterranean, but it did not happen until the year 2000 (36) . There is disconcerting evidence that tropical insects may durably establish in novel areas, after (repeated) introduction(s), surviving in settings distinctly different from those in the area of origin. Culicoides imicola has now been found to successfully overwinter in recently colonised areas of southern Europe (2, 7, 36) . Also, further spread of the disease into areas previously free of C. imicola has led to the involvement of novel Culicoides species, those found in more temperate climate zones, in the transmission cycle of BTV (29) . Therefore, the epidemiology of any such emerging disease complex in potentially receptive areas has to be reviewed in-depth, recognising that knowledge of the ecology of these diseases often remains incomplete, especially in the case of habitat adjustment.
Differential impacts are expected
Natural climatic variability includes fluctuations of the sun' s radiant energy, alterations in the transparency of the atmosphere (owing to sand storms, volcanic dust or other particles) and cyclic changes in the earth' s orbit around the sun. It is the complex interactions between the atmosphere, the hydrosphere, the cryosphere and the biosphere that generate the continually changing patterns of climate (3) . Broadly speaking, the geographic patterns predicted suggest that, on the whole, surface temperature increase over land areas and at high northern latitudes will be roughly twice as much as the expected global average temperature increase, with less warming over the southern oceans and North Atlantic. Mechanisms modulating the circulation of energy between oceans and atmosphere will also be affected and have an impact on oceanic streams and coastal winds. These projections are consistent with the observations of the latter part of the 20th Century (67).
Most people understand climate to be the average weather conditions in a given region or zone. In fact, the climatic machinery is highly complex, with multiple drivers implicated, which include those generating short-time fluctuations, seasonal oscillations, sudden discontinuities, or long-term variations that differentially affect the different ecozones of the Earth. This variability is linked to the mechanisms that redistribute energy among the atmosphere, the oceans and the surface lands (67) . Changes in these sectors affect energy flows, as is currently occurring as a result of the increase of greenhouse gases in the atmosphere, limiting the elimination of the energy reflected by the earth (the 'parasol effect'). Depending on latitude, geology, soil moisture or vegetation cover, these interactions are variable in nature and intensity and so are the impacts on the different biotopes; by enhancing evapotranspiration, global warming will further dry out soils in some arid regions, while in other areas the warmer atmosphere will hold more water vapour, thus fuelling downpours of water. In addition, the vulnerability of the different natural ecosystems varies, with some being capable of absorbing the stress or acting as a buffer, whilst others are already close to the limit that can be tolerated.
From the above, it can easily be understood that the consequences of global warming and other forms of climate change will vary according to the ways in which the eco-geographic setting responds to increases/decreases in temperature, humidity, rainfall, snow cover, etc. Changes in overall atmospheric circulation are already taking place, but predictions at a more local scale remain poor, mainly because of the unknowns surrounding the role of land tenure, both in terms of generating exacerbated local effects and susceptibility (28) . In addition, surpassing the critical thresholds of abiotic parameters will have a cascading effect, and it is difficult to anticipate what impact this will have on the ecosystem as a whole.
Given that these changes affect biological systems, there will also be effects on the transmission of pathogens. It is generally accepted that 'climate restricts the range of infectious diseases, whereas weather affects the timing and intensity of outbreaks' (13) . Thus, changes in temperature and humidity affect the distribution or ecological range of infectious diseases, whilst the frequency and magnitude of outbreaks of disease change with weather extremes such as flooding and droughts. Evidence-based biological effects of climate changes on animal and plant life have been categorised by Hughes as follows (18): -effects on physiology, metabolism or development rate -effects on distribution -effects on the timing of life-cycle or life history events -adaptation; particularly of species with short generation times and rapid population growth rates, which may undergo some micro-evolution.
These effects apply to both the pathogens and their vectors, as illustrated below.
Effects on population dynamics, development cycle and disease transmission
Climate factors can have a direct impact on infectious diseases that have a development stage outside the final host (i.e. in the environment and/or in an intermediate host or vector). For example, most viruses, bacteria and parasites do not replicate below a certain temperature threshold, and at temperatures above this level their growth rate is strongly modulated. Within an arthropodvector, pathogen replication rate and kinetics may be affected by the insect body temperature and, as a result, the infection process in the different organs of the insect (intestines, salivary glands, ovaries) and the duration of the cycle will also be affected (42) . Where the development period of a pathogen would exceed the life span of the insect, its role as a cyclical vector becomes impossible and transmission does not occur. At 20°C Plasmodium falciparum protozoa take 26 days to incubate in Anopheline mosquitoe vectors, but at 25°C, development takes only 13 days (13) . The global infection rate of P. ariasi by L. infantum could jump from 20% to 60% when temperature increases from 10°C to 15°C, and infection in the anterior body parts (meta-promastigote forms of the parasite) would evolve from 40% at 15°C to 75% at 20°C (46) . Thus, a higher temperature may permit the parasite to mature in time for the mosquito to be able to transfer the infection. Also, vector competence, i.e. their natural capacity to attract the infection, enable multiplication of the pathogen and ensure subsequent excretion, may be enhanced by higher temperatures (35) . As described for bluetongue virus, a higher temperature experienced during larvae rearing may help to overcome the innate genetic barriers for virus dissemination within the insect and thus induce vector competence (31, 71) .
Temperature directly impacts on arthropod vector ecology, development cycle, behaviour and survival (52) , and thus on vector population dynamics and disease transmission (53) . Higher temperatures increase the insect metabolic rate, the amount of egg production, and the frequency with which an insect takes a blood meal, and brings a reduction in duration of the larval and pupal periods, thus impacting on the number of generations per year and the overall abundance of the population. Lethal temperature thresholds vary with humidity, because of its effect on thermoregulation capacity and exhaustion of lipid reserves (32) .
Vector bionomic variables such as survival and reproduction rates, diurnal activity (including biting rates) and pathogen development rate inside the vector, collectively modulate the transmission of disease. In order to conclude whether climate change has had an impact on disease, we need to quantify how these parameters increase or reduce pathogen transmission. Based on the basic reproductive number (R 0 ), which defines the number of new cases of disease that arise from a single case, a quantitative modelling approach may be applied (56) . Except for the rate of host recovery, all the individual components in the R 0 equation are sensitive to abiotic factors, mainly temperature (Fig. 1) . With two variables changing at an exponential scale, it becomes plausible that even a small change in temperature causes significant changes in overall disease incidence, seasonal patterns and geographical distribution. As stated by Mullens et al., 'Understanding vector capacity is the key to understanding disease dynamics' (31).
Effect on distribution and ecological range
At the continental scale, climate may be a good predictor of pathogen distribution, while at a local scale other environmental factors are likely to be more important (17) . Indeed, for the reasons mentioned above, the broad geographic distribution of several diseases can be determined by isotherms or isohyets. For example, transmission of anopheline-borne Plasmodium falciparum is confined to areas where the temperature exceeds 16°C (13) . According to Sellers and Mellor (60), the distribution limit of the main African vector of bluetongue, C. imicola, corresponds with an isotherm based on the temperature of the coldest month of the year. Climate change alters the distribution (latitude or altitude) of both vector and disease. An expanded vector range does not necessarily lead to wider disease transmission, as this depends on a number of factors already discussed, including the immune status of the host population. It is the complex interplay of all these factors that determines the overall effect of climate on the incidence and distribution of the disease and its causative agent and vector.
Modelling potential impacts
Modelling efforts directed at predicting the potential impacts of climate change on disease behaviour mostly belong to two major types (54) . The first type of model is biology-based and seeks to describe aspects of the transmission process and how it will be affected by climate change (mechanistic, biological or 'process-based' models). A second type of model attempts to match the distribution patterns of disease to data on contemporary climate variables in a statistical framework. Also, the correlation between climate variables and the distribution of a vector may be analysed either using explicit statistical techniques (e.g. 55) or through application of semi-quantitative climate-matching methods such as the CLIMEX model (62, 63) . Interpolation and extrapolation are used to predict the impact of climate changes (statistical and 'pattern matching' models) (56) .
Statistical models
Logistic regression and discriminant analytical models have been used to describe the distributions of vectors and the diseases they transmit, achieving an impressive level of accuracy. However, the statistical models describing the climatic ranges of particular vector species often rely on incomplete data, available from summaries of entomological surveys often fragmented in nature and conducted for purposes other than climate change studies. As pointed out by Kovat et al., there are major limitations to the use of these heterogeneous datasets in statistical models, including:
-lack of standardisation and minimal observation periods -changes between observation periods caused by interannual climate variability that could be misinterpreted as long-term trends -vector-monitoring in places where the disease is most prevalent rather than at the perimeter of the vector distribution -the fact that changes are mostly reported for dynamic expansion areas, shifting attention to extreme responses that are not representative (20) .
In addition, many non-climate factors have a powerful influence on vector distribution. For example, a distribution that has been affected by intervention campaigns cannot be used to define the full 'environmental envelope' of the disease; this is the case for malaria in some temperate regions where potentially effective vectors are present, but where the disease has been eliminated on the basis of active public health efforts and/or because of landscape dynamics (34, 43) . This helps to explain whyeven for bluetongue, which provides for one of the most telling demonstrations of a disease that recently spread from its African habitat to Europe, with incursions reaching temperate climate zone countries as far north as Denmark or the United Kingdom -the 'statistical validation of the spatio-temporal correlation between changes in incidence and climate changes is not sought' (36) .
Semi-quantitative methods
Semi-quantitative models can help to identify places where changes in the values of climatic variables fall within the sensitive range of a pathogen or vector. This can be schematically illustrated with a 'climatic envelope' (64) (37) together define and demarcate suitable habitats for a given species (Fig. 2) . This also helps to understand why subpopulations of a species from different locations each respond differently to change in a climatic variable or how a change in the abiotic conditions can result in either population persistence or extinction, especially at the edges of the distribution where the population is close to the limiting thresholds for survival.
Mechanistic models
When arthropod vectors and vertebrate reservoirs are involved in the ecology of disease complexes, the pathogen and host diversity can be very high. For these scenarios, the consideration of abiotic factors alone may not succeed in capturing this diversity and multiplicity of foci that may exist at the local scale. Each of these may have its own response to environmental change in general and to climate change in particular. In order to draw up a clear picture that explains the underlying processes and may contribute to generating predictions, a direct description of cases and/or census of hosts may not be enough; additional consideration of the eco-physiology, ethology and chorology of each of the separate biological entities involved in the natural history of the disease complex may be necessary. Such an eco-epidemiological approach may seek to combine autecology (pathogens, hosts) and structural or dynamic synecology (circulation of the pathogens in the system). Below, the example of leishmaniosis will be used to illustrate this approach (48, 49) .
Schematically, human leishmaniosis in the Old World may be classified into two epidemiological types, i.e. anthroponotic and zoonotic. For the former, humans are the sole reservoir, with two clinical forms reported: cutaneous leishmaniosis due to Leishmania tropica (Oriental sore) and visceral leishmaniosis due to L. donovani (kala-azar). The zoonotic type includes a cutaneous form of leishmaniosis due to L. major, and a visceral form due to L. infantum, for which respectively wild rodents (Gerbillidae, Muridae) and dogs act as reservoirs. Curiously in this last case, infections of the zoonotic type do not cycle back to the vectors; humans are dead-end hosts.
Populations of sandfly vectors (Phlebotominae) are modulated by climatic parameters, but these links are less obvious when it comes to the reservoirs, be it humans, for L. tropica and L. donovani, or dogs for L. infantum. Since their domestication, dogs have become disseminated across climate zones and dogs do not help to explain focalisation of the disease. The geographical distribution pattern thus directly follows vector abundance. In contrast, the distribution of leishmaniosis due to L. major is known to be modulated both by the vectors (Phlebotomus papatasi or P. duboscqi) and the reservoirs (Gerbillidae), and the distribution of abundance of both fluctuates with climate ('ambivalent vector-reservoir').
The considerations concerning the ecology of populations can be captured through following an approach based on bioclimates, a concept defined jointly by botanists and agronomists almost a century ago (mainly for the description of the distribution of vegetation patterns). Bioclimates in different parts of the world have become progressively more refined thanks to the works of E. de Martonne (9), C.W. Thornthwaite (65, 66) Fig. 3 ) (25, 26) . In addition to the 'Mediterranean' classification, new bioclimatic types were included: sub-tropical (rainfall, temperature and photoperiod almost constant during the year), tropical (marked rainy period during the hot season), and equatorial (two rainy seasons) (22, 23, 24) .
While this mosaic of bioclimates has been drawn up for botanical and agricultural purposes, it is also highly relevant to the description of vector and reservoir distributions and the potential impact of changes in climatic parameters. An example concerning leishmaniosis dynamics in Morocco will further illustrate this assumption. In Morocco, based on existing phytogeographical and climatic data, bioclimatic zones (58) and vegetational types and patterns (11) have been drawn up for the whole country. These distributions have been used to define a sample strategy to trap phlebotomes, vectors of leishmaniosis, using glue traps (8, 50) along longitudinal transects running across the different bioclimatic zones (from the humid cedar plantations in the Rif, a mainly mountainous region, to pre-Saharan areas). Correspondence analysis reveals a strong relationship (Gutman effect) between different phlebotome species and bioclimatic zones (Figs. 4a and 4b) (45, 51) . The barycentre of the population of P. sergenti (vector of L. tropica) is located at the interface of the semi-arid and arid zone. The barycentre of P. papatasi (vector of L. major) is found amidst hyper-arid stations. The barycentres of the three vectors of L. infantum (P. ariasi, P. perniciosus and P. longicuspis) are positioned along a gradient running from the humid to the semi-arid zone. Moreover, the abundance of the P. papatasi confirms the preference of this species for the hyper-arid bioclimatic zone, especially for the 'hot winter' sub-zone (Tables I and II) . Annual variations in the abundance of P. ariasi and P. perniciosus show the effect of winter temperatures (m) on the imago survival rate: in fresh humid conditions (the Mediterranean part of the south of France), a peak in P. ariasi abundance occurs during summertime and no more phlebotome can be trapped as of October. In semi-arid, temperate areas, two peaks of P. perniciosus usually occur and individual sandflies can still be captured in November.
Based on the above results, Le Houérou (in 47) calculated the coefficient 100P / ETPp for 46 sites in Morocco, projecting a hypothetical increase of 3°C. Figure 5 shows how the various bioclimatic zones and sub-zones would be predicted to change if temperatures were 3°C hotter (e.g. sub-humid areas would become semi-arid; sub-zones which currently experience mild winters would have hot winters). Such a change would result in a two-fold increase in the size of the 'favourable area' for L. tropica. In addition, Gerbillidae, currently confined to the arid and per-arid zones in southern Morocco, could potentially show a northwards range expansion into today's semi-arid and arid zones. L. major and its vector P. papatasi would follow suit. This range expansion would extend into mountain regions and other high altitude areas, including the Great Atlas mountain range; it could entail an increase in altitude of over 500 metres. The changes in bioclimates affect fauna as well as flora. Between 1,000 and 1,500 metres above sea level, the Tuya de Berbérie (Callitrix articulata), indicative of a semi-arid bioclimate, would replace the holm oak (Quercus ilex), and P. sergenti (vector of L. tropica) would invade alongside it. As a consequence, the areas with anthroponotic cutaneous leishmaniosis would reach 1,500 m in altitude.
Effect on timing of life-cycle events
Seasonality is a key component of climate. In many temperate regions, summer temperatures are as high as much of the tropics; the crucial difference is made by the cold winter. Hence, when tropical mosquito-borne pathogen complexes become introduced during the right season, transmission can be sustained provided suitable vectors are present; but in most cases the disease is eliminated as soon as the winter sets in (42) . A climatechange-induced increase in winter temperatures (especially night-time temperature), with a reduction in the number of frost days and an earlier spring, would change such a scenario. The number of parasites or vector generations per year will increase. More complex impacts are also possible, as illustrated with the seasonal coincidence on the host of larval and nymphal Ixodes ricinus ticks, vectors of tick-borne encephalitis virus in Europe. The virus is transmitted from infected nymph to uninfected larval ticks during co-feeding on the same, nonviraemic rodent host (40) . This co-feeding is necessary because of the very short duration of infectivity in rodents, Fig. 3 The agro-bioclimatic zones of Africa Established by Le Houéron et al. (25, 26) limited to only a few days (41) . The larval-nymphal synchrony stems from the rapid fall in ground-level temperatures, from August to October, presumably causing unfed larvae to pass the winter in quiescence, from which they emerge simultaneously with the nymphs in the spring (39) . As larvae require a higher daily temperature than nymphs (see Randolph in this issue for more information [38] ), seasonal temperature profiles showing a fast increase of warming in the spring lead to the synchronous presence of larvae and nymphs co-feeding on the same host, which permits virus transmission between the two stages. In the predictions reported by IPCC, profound changes in temperature would occur precisely during the springs and end of summers. Changes in seasonal rainfall profiles may also have a clear impact on the life-cycle of pathogens and disease. Not only could there be an increased inter-annual variability and more frequent alterations between drought and flooding, thus enhancing various disease epidemics, but relatively discrete changes in the distribution of rains may also have a huge impact on the dynamic of diseases. This is the case for Rift Valley fever (RVF): recent studies conducted in the Sahelian ecosystems of West Africa demonstrated that a rainy season punctuated with dry spells favours the emergence of multiple generations of Aedes vexans, a presumed reservoir of the RVF virus, contributing to persistence of the disease at a low-incidence level (5, 30) . This could also help to explain the endemicity of RVF in more recently infected countries such as Yemen and Saudi Arabia, where predictions suggest that in the near future dry spells between intense precipitation periods will be longer (See Martin in this review for more information [27] ).
Adaptation by resilient species with short generation intervals
Natural systems often show a co-evolution of functional groups (e.g. predators and prey, parasites and vectors) that help to regulate the population size of each of these species. Ecological settings with a high biodiversity are more stress resistant and resilient. Biodiversity provides insurance for long-term survival. A mosaic of habitats present a relatively strong defence to system shocks. Climate change may disrupt the inter-relationships between these systems, causing habitat fragmentation and loss of landscape heterogeneity, thus creating greater vulnerability to stress.
Volatile weather and heat spells can disrupt long-term relationships between species. A good example is the emergence of the hantavirus pulmonary syndrome in the south-western part of the United States of America. Prolonged drought, from 1987 to 1992, reportedly reduced the predators of rodents (raptors, coyotes and snakes). When drought yielded to intense rains, in 1993, grass-hoppers and pinion nuts, on which rodents feed, flourished. The effect was synergic, boosting mice populations more than ten-fold and rapidly enhancing the emergence of hantavirus pulmonary syndrome in humans (13) .
Climate change may trigger an ecological invasion, including a sorting process that brings genetic adjustment, with evolution of new emerging disease agents or complexes. In fact, it may be argued that there is a continuum running from an unusual disease flare-up or blip, to a recurrence of outbreaks, progressive range expansion, or invasion into novel territories and ecosystems, with shifts also in vector or host range. Hence, an ecological invasion process may be characterised by different steps or stages, including host niche encroachment, entry, initial pathogen establishment, colonisation, secondary spread and, ultimately, consolidation in the form of sustained occupancy (57) . Where host radiation is involved, the invasion process operates simultaneously at three different levels or, in three distinct component parts of the host environment: the host community, the host population and the individual host body. This shaping of a new host range, with evolution of a novel course of infection, emerges through interaction, progressing through each subsequent stage of the invasion process.
The rationale for a particular change in ecological strategy will vary, depending on whether the organisms under consideration are r-strategists or K-strategists. A static environment favours the selection of organisms that best fit a certain niche, as it provides an incentive to specialise and optimally exploit the local resource base (61) . There will be no need to leave the niche. This K-selected strategist is doing fine as long as the niche remains intact. On the other hand, r-selected strategists, which display opportunistic behaviour and are ready to encroach or occupy any novel ecological vacuum that may present itself, best fit a dynamic environment such as that induced by climate change.
A species, a life cycle stage and different subtypes, may all be further classified in terms of r-or K-selected strategists. Invariably, the position on the r-K spectrum is reflected in basic population parameters, such as reproduction, mortality and dispersal rates. K-strategists maintain a fairly constant population size, in accordance with the carrying capacity of their environment, and the key demographic features support this: mortality rate in early life span is at a low level and so is reproduction; efficient local resource exploitation provides the fitness incentive. Boom-and-bust r-strategists have a fluctuating population size. Being dispersive and showing explorative behaviour, it follows that local extinction events are not uncommon; hence, demographic resilience is the main fitness feature selected for. Also, r-strategists are the first to encroach on a novel niche and are more often in an evolutionary flux.
When considering pathogens, we note that a typical r-strategist will be the most responsive to climate change. An r-selected pathogen is usually capable of infecting multiple host species, producing rather erratic, epidemic forms of disease. The r-pathogen is usually rather minute in terms of body size, generating acute short-lived infections, and displaying a flexible host-occupancy pattern (69) . The r-pathogen may need to overcome temporary shortfalls in host availability and for this reason r-pathogens may require a pathogen repository outside of the host -an arthropod or winged vector -or an intermediate host species. Emerging disease agents modulated by climate change and other drivers are often RNA viruses; these viruses, which are frequently vectortransmitted, are known for their variability and limited specificity of hosts.
Conclusion
By changing the conditions that are suitable for vectors and pathogens, climate change has the potential to alter exposure of human and animal populations to an important set of mainly infectious diseases (72) . The change may imply an expansion of disease agents into higher altitudes and latitudes. Changes in rainfall in (sub)tropical zones may also render habitats more, or less, suitable for vectors. Climate change will increase the frequency of extreme climatic events, and this could emerge as a more important feature of climate change than the changes in average climatic conditions.
Climate change, in the form of temperature increase, is expected to bring a relaxation of the restricting effects of low temperatures on vector survival, dispersal and disease transmission in colder climates. This would, in theory, make temperate environments more receptive to more tropical, mainly vector-borne, diseases. The effect may be more pronounced in areas where the abiotic conditions are near to the threshold prohibiting the disease development cycle, i.e. often around 14°C to 18°C at the lower end of the temperature scale and 35°C to 40°C for the maximum limit (16) . It should be noted though that many of the responses of biological systems to changes in the environment are not linear. This is also the case for climate, and chain-reactions with significant, abrupt changes are likely to occur. The introduction of a new pathogen or vector into areas with more favourable climatic conditions can have a devastating effect on the affected host populations and, where the pathogen is able to establish, may also produce durable colonisation of new ecosystems and new disease transmission modes and patterns.
There has been a tendency to oversimplify the mechanisms by which climate change affects disease transmission. Indeed, only a limited number of studies present validation of the effects of observed climatic change on diseases. Even when linkages between diseases and climate are relatively strong, non-climatic, confounding cofactors are often numerous; they include socio-economic, demographic and various environmental factors, which are all part of the global change the planet is facing. Collectively, these global factors may amplify the severity of disease outbreaks.
A minor increase in disease distribution may expose new host populations lacking in immunity. In fact, the vulnerability to climatic change is highly variable in the different ecozones of the world, due to the differential capacity to adapt and respond. Africa would appear to be one of the more vulnerable continents (4), given its demographic growth, shrinking natural ecosystems, water shortages and soil erosion. Climatic change forms yet another stress factor for African countries and the capacity to adapt is insufficient (68 Resumen Los cambios en la estructura y textura de los paisajes, ya sean inducidos por el clima o de otra índole, combinados con otros factores de orden más general, pueden crear nichos ecológicos favorables a ciertas enfermedades emergentes. Los factores abióticos influyen en los vectores y reservorios de los patógenos, así como en su bionómica y su capacidad de establecerse en nuevos ecosistemas. La transformación de los regímenes climáticos y de las condiciones estacionales puede incidir en el comportamiento de una enfermedad, entendiendo por ello su perfil de propagación, área de distribución, amplificación y persistencia en nuevos hábitat. La invasión de patógenos puede provocar la aparición de nuevos complejos de enfermedades y plantear graves problemas por lo que respecta a la viabilidad a largo plazo de la producción animal en el mundo. Los autores describen además algunos de los mecanismos ecológicos que subyacen a los efectos del cambio climático sobre la transmisión y propagación de enfermedades. Dada la dificultad de determinar la posible influencia de distintas variables climáticas en la dinámica y distribución de las poblaciones de patógenos y hospedadores, se recurre a diversos métodos para describir la dinámica de la distribución ecológica y la disponibilidad de nichos ecológicos por lo que respecta a los patógenos y sus vectores. Una invasión puede perturbar el proceso de coevolución a largo plazo de las especies. Los patógenos que responden a una estrategia de tipo 'r' (por ejemplo, los virus de ARN) tendrán más propensión a invadir nuevos nichos resultantes del cambio climático. Sin embargo, pese a los vínculos relativamente estrechos que existen entre la dinámica de las enfermedades y el cambio climático, siempre hay otros factores que modifican el comportamiento de una infección y que también hay que tener en cuenta. La vulnerabilidad global de determinado ecosistema es una variable clave en este sentido. Los cambios ligados al clima tienen efectos variables según la parte del mundo y la zona agroclimática de que se trate. Quizá convenga dar prioridad a las áreas geográficas en que se vea más afectada la integridad de los ecosistemas y en que éstos sean relativamente poco adaptables, desde el punto de vista de la fuerza y la duración de la respuesta.
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